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SPECIFICATION 

CONTAINER INSPECTION MACHINE 

5 The present invention relates to a machine for inspecting 

glass or plastic containers such as bottles and more 
particularly to such a machine which can inspect the sidewall 
of the container to find defects. 

10 BACKGROUND OF THE INVENTION 

This application is a continuation-in-part of my co- 
pending application patent application Serial No. 09/026,311. 

The side wall of a glass container can include various 
ML5 types of defects, including an area of unevenness in glass 
jTj distribution which will provide a lensing effect when backlit 
H= (a refractive defect) . Container inspection machines, such as 
shown in U.S. Patent No. 5,004,909, inspect the sidewall of a 
Jp glass bottle by presenting the bottle in front of a light 
^2 0 source defined by alternating black and white stripes. Such an 
rj inspection machine can find refractive best when they are 
ISi located at the edge of the stripe. Container inspection 
jjj machines, such as shown in U.S. Patent No. 4,601,395, inspect 
yy the sidewall of a glass container by presenting the bottle in 
^M25 front of a light source defined by a single bright area that is 
always in the view of the camera, with transversely spaced 
outer regions of various intensities and rotating the 
container. 

3 0 OBJECT OF THE INVENTION 

It is an object of the present invention to provide a 
container inspecting machine which will identify a light 
blocking defect when inspecting also for refractive defects. 
3 5 Other objects and advantages of the present invention will 

become apparent from the following portion of this 
specification and from the accompanying drawings which 


illustrate in accordance with the mandate of the patent 
statutes a presently preferred embodiment incorporating the 
principles of the invention. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a top view of a container inspection machine 
made in accordance with the teachings of the present invention; 

Figure 2 is schematic representation showing the operation 
10 of the light source shown in Figure 1; and 

Figure 3 is a schematic illustration showing the operation 
of the light source as implemented. 

BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT 

OL5 

r] A bottle 10, which can be either glass or plastic is 

M= conveyed from right to left along a conveyor 12 for inspection 
r: at the illustrated inspection station where the bottle is 
Jg imaged on the image of a CCD camera 14 . The image is evaluated 

C20 to identify anomalous pivel readings which are indicative of a 
defect. Associated with the CCD camera is a controlled light 
y] source 16 which defines a large area of light with a large 
;2 number of vertical rows of L.E.D.s 18 (in the preferred 
yy embodiment) . As can be seen from Figure 1, the L.E.D.s are 
^25 focused or aimed so that light will pass through the entire 
bottle (from top to bottom and from side to side) and be maged 
on the camera. These vertical rows also are supported to emit 
light parallel to each other. Each vertical row of L.E.D.s 18 
is turned on and off with a field effect transistor (not 
3 0 shown) . 

In Figure 2, individual timers 2 0 are connected to each 
vertical row of L.E.D. ! s 18 so that when the rows are turned 
on, the timers will time out at selected times (0T, .2T, . 4T, . 6T, 
and . 8T) of an imaging cycle (the time T required for the row 
35 of L.E.D.'s to turn fully on and appear white) with light 
intensity being a function of the time on. In Figure 3, a 
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single control operates eight rows and defines bit masks 22 
which turn on the desired vertical rows for each of four 
repeated equally timed steps (each step continues for . 2T) of 
an imaging cycle to achieve the same result. The image is 
5 defined over the period of these four steps. While these 
illustrations discuss the use of time to set the desired 
intensity level, current level could alternately be controlled 
for the same purpose . 

As can be seen from Figure 2, the light source is made up 
10 of a number of vertical row groups, each having eight vertical 
rows. These eight rows proceed from bright to .8 bright, to .6 
bright, to .4 bright, to .2 bright and then to .4 bright to .6 
bright to .8 bright. While there are five intensity levels 
(20%, 40%, 60%, 80% and 100%) in the illustrated embodiments, 
Ml 5 other numbers can be used. By setting the minimum intensity 
Q level (2 0%) high enough so that light blocking defects can be 
H= identified, both light blocking defect and refractive defects 
»1 can be simultaneously identified by the CCD camera over 100% of 
*jp the area of the light source. 

"H2 0 A bottle 10, which can be either glass or plastic is 

q conveyed from right to left along a conveyor 12 for inspection 
2= at the illustrated inspection station where the bottle is 
IS imaged on the image of a CCD camera 14. The image is evaluated 
to identify anomalous pixel readings which are indicative of a 
"^25 defect. Associated with the CCD camera is a controlled light 
source 16 which defines a large area of light. In the 

preferred embodiment there are a large number of vertical rows 
of L.E.D.s 18. As can be seen from figure 1, the L.E.D.s are 
focused or aimed so that light will pass through the entire 
3 0 bottle (from top to bottom and from side to side) and be imaged 
on the camera. These vertical rows also are supported to emit 
light parallel to each other and the emitted light passes 
through a diffuser element. Each vertical row of L.E.D.s 18 is 
turned on and off with a field effect transistor or the like 
3 5 (not shown) . 

In Figure 2, an individual timer 2 0 is connected to each 
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field effect transistor so that when each row can be turned on 
for a selected time. The timers will time out at selected 
times ( .2T, . 4T, . 6T, .8T, 1 . OT) of an imaging cycle (here time is 
equated to the ideal time required for the row of L.E.D.'s to 
appear illuminated to a selected degree) with light intensity 
being a function of the time on. For example, . SOT is the time 
that a vertical row of lights must be on for the intensity of 
the row to appear 60%. For discussion purposes the light of a 
fully on source is referred to as "white", but it should be 
understood that the light source may be colored and the 
illuminated light may in fact be invisible (an infrared L.E.D. 
for example) . Actual "on" times may also be varied to 
compensate for overlapping illumination effects. Due to 
overlap of light output, actual "on" times, for a particular 
column, may need to be modified to achieve a best fit to the 
desired continuously varying intensity cycle. For example, the 
full bright (LOT) columns, which may not get full white 
because they are getting only partial light from neighboring 
-8T columns may need to be set at an increased time on (1.15T, 
for example) . Calculations based upon the actual performance 
of the illumination method, in this case, L . E . D . /dif f user 
combination, will determine the method of calculating 
corrections to produce the desired spatially cyclically 
continuously varying intensity between the extremes of dark and 
light intensity source. 

As shown in Figure 3, a single control operates eight rows 
and defines bit masks 22 which turn on the desired vertical 
rows for each of each of the four repeated timed steps (as 
illustrated each step continues for .2T) of an imaging cycle. 
The image is defined over the period of these five steps. 
While these illustrations discuss the use of time to set the 
desired intensity level, current level could alternately be 
controlled for the same purpose. Other light sources can be 
used with various light output control over the area methods , 
such as LCD panel, or printed pattern, in conjunction with a 
shuttered camera for the same purpose. While there are five 


intensity levels (20%, 40%, 60%, 80% and 100%) in the 
illustrated embodiments, other numbers can be used. A 
spatially cyclically continuously varying intensity between the 
2 0% bright and light is defined on the light source 
5 illumination area which cyclically changes at a rate of change 
which is less than that required to be detected as a defect. 
The minimum brightness level (2 0%) is choosen so that either a 
light blocking defect or a refractive defect can be identified 
by the CCD camera over 100% of the area of the light source. 
10 As can be seen from Figure 3, full control over the 

individual column intensity goes beyond the fractional linearly 
calculated percentage previously presented. The pattern 

presented here could be described as a triangle wave whose peak 
is a full bright and valley is at 20% bright. As can be seen 
Ol5 from Figure 3 , full control over the number of columns going 
rl from 2 0% bright to bright can be controlled. Changing the 

M= number of columns can be done to optimize the cyclic nature of 
zf t the pattern for a container size or defect size. The spatially 
jg varying intensity cycles may be horizontal or vertical or at 
C20 some other angle. It may also be a combination of angles. 

Full control over the relative position of the pattern to 
01 the overall backlight (and thus the container to be inspected) 
= y can also be controlled. Where the inspection process may use 

yQ. dynamically located zones, the bright portion of the pattern 
il2 5 can be optimally placed to aid in the location of the 
container. 

For a one axis cyclic variation, a measure of the light 
source quality would provide of a nearly flat histogram 
analysis of the source. A two axis light cyclic light source 

3 0 could also be used to generate such variations with individual 
LED control, using a transmissive light control scheme such as 
a light valve, LCD, or printed pattern. A computer 15 analyzes 
the camera image by comparing neighboring pixels (one or more 
away) alone or in combination to determine the rate of change 

35 in intensity to identify defects where the rate of change 
exceeds a defined value. 


CLAIMS 


1. A machine for inspecting the wall of a bottle comprising 

a conveyor for supporting a bottle at an inspection 

5 station, 

the inspection station including 

a CCD camera on one side of the conveyor having a 
camera image , 

a light source, having an illumination area, on the 
10 other side of the conveyor, for imaging the bottle on said CCD 
camera image means, 

means for defining a spatially cyclically continuously 
varying intensity between a minimum brightness level that will 
permit the identification of a light blocking defect 
15 therebehind and light on said light source illumination area at 
a rate of change which is less than that required to be 
detected as a defect, 

computer means for analyzing said camera image by 
comparing neighboring pixels (one or more away) alone or in 
2 0 combination to determine the rate of change in intensity to 
identify defects where the rate of change exceeds a defined 
value . 

2 . A machine for inspecting the wall of a bottle according to 

2 5 claim 1, wherein said light source comprises a plurality of 

L . E . D . rows . 

3 . A machine for inspecting the wall of a bottle according to 
claim 2, wherein said plurality of L.E.D. rows define a 

3 0 plurality of row groups each including a light row at one side, 

a row having a minimum brightness, at least one row 
intermediate said white and minimum brightness rows having an 
intensity between minimum brightness and white, and at least 
one row on the side of said minimum brightness row remote from 
35 said white row having an intensity between minimum brightness 
and white. 

- 6 - 


4. A machine for inspecting the profile and wall of a bottle 
according to claim 3, wherein there are a plurality of vertical 
L.E.D. rows intermediate the minimum brightness and white rows 

5 and the intensity of said plurality of intermediate rows 
uniformly reduces from the white row to the minimum brightness 
row. 

5. A machine for inspecting the profile and wall of a bottle 
10 according to claim 4, wherein there are a plurality of vertical 

L.E.D. rows on the side of said minimum brightness row remote 
from said white row and the intensity of said plurality of said 
rows on the side of said minimum brightness row remote from 
said white row uniformly increase in intensity proceeding away 
GL5 from the minimum brightness row. 

Ms 6. A machine for inspecting the profile and wall of a bottle 
S according to claim 5, wherein said minimum brightness row has a 
'£ brightness level of about 20% and wherein each of said vertical 
#0 L.E.D. row groups has three vertical rows intermediate said 
^ minimum brightness and white rows, with the intensity of the 
|j| row adjacent the minimum brightness row having an intensity of 
jjj about 4 0% of the white row and the intensity of the row 
y3 adjacent the white row having an intensity of about 8 0% of the 
#5 white row and the intensity of the intermediate of the three 
vertical rows intermediate the minimum brightness row and white 
rows having an intensity of about 60% of the white row. 

7. A machine for inspecting the profile and wall of a bottle 
3 0 according to claim 6, wherein each of said vertical L.E.D. row 
groups has three vertical rows on the side of said minimum 
brightness row remote from said white row, with the intensity 
of the row adjacent the minimum brightness row having an 
intensity of about 40% of the white row and the intensity of 
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the next row having an intensity 
and the intensity of the last of 
from the minimum brightness row 
80% of the white row. 

A: \52981SUS.SPC 


of about 60% of the white row 
the three vertical rows remote 
having an intensity of about 
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ABSTRACT 


CONTAINER INSPECTION MACHINE 

5 

A machine is disclosed for inspecting the wall of a bottle 
which is delivered by a conveyor sequentially to an inspection 
station. A light source defines a plurality of vertical row 
groups each having no black row, a white row and a plurality of 
0 adjacent rows where the intensity systematically decreases to a 
lowest level where light blocking defects can be seen and than 
increases systematically to the next white row. 

A:\529818US.SPC 
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